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(54) Intraluminal medical device with radiopaque markers 



(57) A stent or other intraluminal medical device 
having markers (900) formed from housings (902) inte- 
gral with the stent, and marker inserts (904) having a 
higher radiopacity than the stent, provides for more pre- 
cise placement and post-procedural visualization in a 
vessel, by increasing the radiopacity of the stent under 



X-ray fluoroscopy. The housings (902) are formed inte- 
gral to the stent and the marker inserts (904) are made 
from a material close in the galvanic series to the stent 
material and sized to substantially minimize the effect 
of galvanic corrosion. The housings (902) are also 
shaped to minimize their impact on the overall profile of 
the stent. 
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Description 

[0001] The present invention relates to intraluminal 
devices, and more particularly to intraluminal devices, 
such as stents, incorporating integral markers for in- 
creasing the radiopacity thereof. 
[0002] Percutaneous transluminal angioplasty (PTA) 
is a therapeutic medical procedure used to increase 
blood flow through an artery. In this procedure, the an- 
gioplasty balloon is inflated within the stenosed vessel, 
or body passageway, in order to shear and disrupt the 
wall components of the vessel to obtain an enlarged lu- 
men. With respect to arterial stenosed lesions, the rel- 
atively incompressible plaque remains unaltered, while 
the more elastic medial and adventitial layers of the 
body passageway stretch around the plaque. This proc- 
ess produces dissection, or a splitting and tearing, of the 
body passageway wall layers, wherein the intima, or in- 
ternal surface of the artery or body passageway, suffers 
f issuring. This dissection forms a "flap" of underlying tis- 
sue which may reduce the blood flow through the lumen, 
or completely block the lumen. Typically, the distending 
intraluminal pressure within the body passageway can 
hold the disrupted layer, or flap, in place. If the intimal 
flap created by the balloon dilation procedure is not 
maintained in place against the expanded intima, the in- 
timal flap can fold down into the lumen and close off the 
lumen, or may even become detached and enter the 
body passageway. When the intimal flap closes off the 
body passageway, immediate surgery is necessary to 
correct the problem. 

[0003] Recently, transluminal prostheses have been 
widely used in the medical arts for implantation in blood 
vessels, biliary ducts, or other similar organs of the living 
body. These prostheses are commonly referred to as 
stents and are used to maintain, open, or dilate tubular 
structures. An example of a commonly used stent is dis- 
closed in US-4733665. Such stents are often referred 
to as balloon expandable stents. Typically the stent is 
made from a solid tube of stainless steel. Thereafter, a 
series of cuts are made in the wall of the stent. The stent 
has a first smaller diameter which permits the stent to 
be delivered through the human vasculature by being 
crimped onto a balloon catheter. The stent also has a 
second, expanded diameter, upon application of a radi- 
ally, outwardly directed force, by the balloon catheter, 
from the interior of the tubular shaped member. 
[0004] However, one concern with such stents is that 
they are often impractical for use in some vessels such 
as the carotid artery. The carotid artery is easily acces- 
sible from the exterior of the human body, and is close 
to the surface of the skin. A patient having a balloon ex- 
pandable stent made from stainless steel or the like, 
placed in their carotid artery, might be susceptible to se- 
vere injury through day to day activity. A sufficient force 
placed on the patient's neck could cause the stent to 
collapse, resulting in injury to the patient. In orderto pre- 
vent this, self-expanding stents have been proposed for 



use in such vessels. Self-expanding stents act like 
springs and will recover to their expanded or implanted 
configuration after being crushed. 
[0005] One type of self-expanding stent is disclosed 
5 in US-4655771 . The disclosed stent has a radially and 
axially flexible, elastic tubular body with a predeter- 
mined diameter that is variable under axial movement 
of the ends of the body relative to each other and which 
is composed of a plurality of individually rigid but flexible 
10 and elastic thread elements defining a radially self-ex- 
panding helix. This type of stent is known in the art as 
a "braided stent" and is so designated herein. Place- 
ment of such stents in a body vessel can be achieved 
by a device which comprises an outer catheter for hold- 
15 ing the stent at its distal end, and an inner piston which 
pushes the stent forward once it is in position. 
[0006] However, braided stents have many disadvan- 
tages. They typically do not have the necessary radial 
strength to effectively hold open a diseased vessel. In 
20 addition, the plurality of wires or fibres used to make 
such stents could become dangerous if separated from 
the body of the stent, where they could pierce through 
the vessel. Therefore, there has been a desire to have 
a self-expanding stent which is cut from a tube of metal, 
25 which is the common manufacturing method for many 
commercially available balloon-expandable stents. In 
order to manufacture a self-expanding stent cut from a 
tube, the alloy used would preferably exhibit superelas- 
tic or psuedoelastic characteristics at body temperature, 
30 so that it is crush recoverable. 

[0007] The prior art makes reference to the use of al- 
loys such as Nitinol (Ni-Ti alloy), which have shape 
memory and/or superelastic characteristics, in medical 
devices which are designed to be inserted into a pa- 
ss tient's body. The shape memory characteristics allow 
the devices to be deformed to facilitate their insertion 
into a body lumen or cavity and then be heated within 
the body so that the device returns to its original shape. 
Superelastic characteristics, on the other hand, gener- 
40 ally allow the metal to be deformed and restrained in the 
deformed condition to facilitate the insertion of the med- 
ical device containing the metal into a patient's body, 
with such deformation causing the phase transforma- 
tion. Once within the body lumen, the restraint on the 
45 superelastic member can be removed, thereby reducing 
the stress therein so that the superelastic member can 
return to its original undeformed shape by the transfor- 
mation back to the original phase. 
[0008] Alloys having shape memory/superelastic 
so characteristics generally have at least two phases. 
These phases are a martensite phase, which has a rel- 
atively low tensile strength and which is stable at rela- 
tively low temperatures, and an austenite phase, which 
has a relatively high tensile strength and which is stable 
55 at temperatures higher than the martensite phase. 
[0009] Shape memory characteristics are imparted to 
the alloy by heating the metal at a temperature above 
which the transformation from the martensite phase to 
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the austenite phase is complete, i.e. a temperature 
above which the austenite phase is stable (the A f tem- 
perature). The shape of the metal during this heat treat- 
ment is the shape "remembered." The heat-treated met- 
al is cooled to a temperature at which the martensite 
phase is stable, causing the austenite phase to trans- 
form to the martensite phase. The metal in the marten- 
site phase is then plastically deformed, e.g. to facilitate 
the entry thereof into a patient's body. Subsequent heat- 
ing of the deformed martensite phase to a temperature 
above the martensite to austenite transformation tem- 
perature causes the deformed martensite phase to 
transform to the austenite phase, and during this phase 
transformation the metal reverts back to its original 
shape if unrestrained. If restrained, the metal will remain 
martensitic until the restraint is removed. 
[0010] Methods of using the shape memory charac- 
teristics of these alloys in medical devices intended to 
be placed within a patients body present operational dif- 
ficulties. For example, with shape memory alloys having 
a stable martensite temperature below body tempera- 
ture, It Is frequently difficult to maintain the temperature 
of the medical device containing such an alloy sufficient- 
ly below body temperature to prevent the transformation 
of the martensite phase to the austenite phase when the 
device was being inserted into a patient's body. With in- 
travascular devices formed of shape memory alloys 
having martens ite-to-austenite transformation tempera- 
tures well above body temperature, the devices can be 
introduced into a patient's body with little or no problem, 
but they must be heated to the martens ite-to-austenite 
transformation temperature which is frequently high 
enough to cause tissue damage. 
[001 1 ] When stress is applied to a specimen of a met- 
al such as Nitinot exhibiting superelastic characteristics 
at a temperature above which the austenite is stable (i. 
e. the temperature at which the transformation of mar- 
tensite phase to the austenite phase is complete), the 
specimen deforms elastically until it reaches a particular 
stress level where the alloy then undergoes a stress- 
induced phase transformation from the austenite phase 
to the martensite phase. As the phase transformation 
proceeds, the alloy undergoes significant increases in 
strain but with little or no corresponding increases in 
stress. The strain increases while the stress remains es- 
sentially constant until the transformation of the austen- 
ite phase to the martensite phase is complete. Thereaf- 
ter, further increases in stress are necessary to cause 
further deformation. The martensitic metal first deforms 
elastically upon the application of additional stress and 
then plastically with permanent residual deformation. 
[0012] If the load on the specimen is removed before 
any permanent deformation has occurred, the marten- 
sitic specimen will elastically recover and transform 
back to the austenite phase. The reduction in stress first 
causes a decrease in strain. As stress reduction reach- 
es the level at which the martensite phase transforms 
back into the austenite phase, the stress level in the 



specimen will remain essentially constant (but substan- 
tially less than the constant stress level at which the 
austenite transforms to the martensite) until the trans- 
formation back to the austenite phase is complete, i.e. 

5 there is significant recovery in strain with only negligible 
corresponding stress reduction. After the transformation 
back to austenite is complete, further stress reduction 
results in elastic strain reduction. This ability to incur sig- 
nificant strain at relatively constant stress upon the ap- 

10 plication of a load, and to recover from the deformation 
upon the removal of the load, is commonly referred to 
as superelasticity or pseudoelasticity. It is this property 
of the material which makes it useful in manufacturing 
tube cut self-expanding stents. 

is [0013] The prior art makes reference to the use of 
metal alloys having superelastic characteristics in med- 
ical devices which are intended to be inserted or other- 
wise used within a patients body, for example as dis- 
closed in US-4665905 and US-4925445. However, the 

20 prior art has yet to disclose any suitable tube-cut self- 
expanding stents. In addition, many of the prior art 
stents lacked the necessary rigidity or hoop strength to 
keep the body vessel open. In addition, many of the prior 
art stents have large openings at their expanded diam- 

25 eter. The smaller the openings are on an expanded 
stent, the more plaque or other deposits it can trap be- 
tween the stent and the vessel wall. Trapping these de- 
posits is important to the continuing health of the patient 
in that it helps prevent plaque prolapse into the vessel, 

30 restenosis of the vessel it is implanted into, and strokes 
caused by the release of embolic particles into the 
bloodstream. 

[0014] One additional concern with stents and with 
other medical devices formed from superelastic materi- 

35 als, is that they may exhibit reduced radiopacity under 
X-ray fluoroscopy. To overcome this problem, it is com- 
mon practice to attach markers, made from highly radi- 
opaque materials, to the stent, orto use radiopaque ma- 
terials in plating or coating processes. Those materials 

40 typically include gold, platinum, ortantalum. Such mark- 
ers and processes are disclosed in US-5632771 , US- 
6022374, US-5741327, US-5725572 and US-5800526. 
However, due to the size of the markers and the relative 
position of the materials forming the markers in the gal- 

45 vanic series versus the position of the base metal of the 
stent in the galvanic series, there is a certain challenge 
to overcome; namely, that of galvanic corrosion. Also, 
the size of the markers increases the overall profile of 
the stent. In addition, typical markers are not integral to 

50 the stent and thus may interfere with the overall perform- 
ance of the stent as well as become dislodged from the 
stent. Also, typical markers are used to indicate relative 
position within the lumen and not whether the device is 
in the deployed or undepolyed position. 

55 [0015] The present invention overcomes many of the 
disadvantages associated with reduced radiopacity ex- 
hibited by self-expanding stents, balloon-expandable 
stents, and other medical devices as briefly discussed 
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above. 

[0016] In accordance with one aspect, the present in- 
vention is directed to an intraluminal medical device. 
The intraluminal medical device comprises a substan- 
tially tubular member having open ends, and a first di- 
ameter for insertion into a lumen of a vessel and a sec- 
ond diameter for anchoring in the lumen of the vessel 
and at least one marker connected to at least one end 
of the substantially tubular member, the at least one 
marker comprising a marker housing and a marker in- 
sert. The marker housing comprises a substantially cir- 
cular shape with flattened sections. The marker housing 
and the marker insert have a radius of curvature equal 
to the radius of curvature of the substantially tubular 
member. 

[001 7] In accordance with another aspect, the present 
Invention is directed to an intraluminal medical device. 
The intraluminal device comprises a thin-walled, sub- 
stantially tubular member having open ends, and a first 
diameter for insertion into a lumen of a vessel and a sec- 
ond diameter for anchoring in the lumen of the vessel, 
the thin-walled tubular member comprising a superelas- 
tic alloy and at least one marker connected to at least 
one end of the thin-walled, substantially tubular mem- 
ber, the at least one marker comprising a marker hous- 
ing and a marker insert. The marker housing comprises 
a substantially circular shape with flattened sections. 
The marker housing and the marker insert have a radius 
of curvature equal to the radius of curvature of the sub- 
stantially tubular member. 

[0018] In accordance with another aspect, the present 
invention is directed to a stent. The stent comprises a 
thin-walled, substantially tubular member having open 
ends, and a first diameter for insertion into a lumen of a 
vessel and a second diameterfor anchoring in the lumen 
of the vessel, the thin-walled tubular member compris- 
ing a superelastic alloy and at least one marker connect- 
ed to at least one end of the thin-walled, substantially 
tubular member, the at least one marker comprising a 
marker housing and a marker insert. The marker hous- 
ing comprises a substantially circular shape with flat- 
tened sections. The marker housing and the marker in- 
sert have a radius of curvature equal to the radius of 
curvature of the substantially tubular member. 
[0019] In accordance with another aspect, the present 
invention is directed to an intraluminal medical device. 
The intraluminal medical device comprises a substan- 
tially tubular member having open ends, and a first di- 
ameter for insertion into a lumen of a vessel and a sec- 
ond diameter for anchoring in the lumen of the vessel. 
The intraluminal medical device also comprises at least 
one marker connected to at least one end of the sub- 
stantially tubular member. The at least one marker com- 
prises a marker housing having a substantially oval 
shape and a marker insert having a substantially oval 
shape. The marker housing and the marker insert have 
a radius of curvature equal to the radius of curvature of 
the substantially tubular member. 



[0020] The improved radiopacity intraluminal medical 
device of the present invention utilizes high radiopacity 
markers to ensure proper positioning of the device with- 
in a lumen. The markers comprise a housing which is 

5 integral to the device itself, thereby ensuring minimal in- 
terference with deployment and operation of the device. 
The housings are also shaped to minimally impact the 
overall profile of the stent. For example, a properly 
shaped housing allows a stent to maintain a radiopaque 

10 stent marker size utilized in a seven French delivery sys- 
tem to fit into a six French delivery system. The markers 
also comprise a properly sized marker insert having a 
higher radiopacity than the material forming the device 
itself. The marker insert is sized to match the curvature 

is of the housing thereby ensuring a tight and unobtrusive 
fit. The marker inserts are made from a material close 
in the galvanic series to the device material and sized 
to substantially minimize the effect of galvanic corro- 
sion. 

20 [0021 ] The improved radiopacity intraluminal medical 
device of the present invention provides for more pre- 
cise placement and post-procedural visualization in a lu- 
men by increasing the radiopacity of the device under 
X-ray fluoroscopy. Given that the marker housings are 

25 integral to the device, they are simpler and less expen- 
sive to manufacture than markers that have to be at- 
tached in a separate process. 

[0022] The improved radiopacity intraluminal medical 
device of the present invention is manufactured utilizing 
30 a process which ensures that the marker insert is se- 
curely positioned within the marker housing. The marker 
housing is laser cut from the same tube and is integral 
to the device. As a result of the laser cutting process, 
the hole in the marker housing is conical in the radial 
35 direction with the outer surface diameter being larger 
than the inner surface diameter. The conical tapering ef- 
fect in the marker housing is beneficial in providing an 
interference fit between the marker insert and the mark- 
er housing to prevent the marker insert from being dis- 
40 lodged once the device is deployed. The marker inserts 
are loaded into a crimped device by punching a disk 
from annealed ribbon stock and shaping it to have the 
same radius of curvature as the marker housing. Once 
the disk is loaded into the marker housing, a coining 
45 process is used to properly seat the marker below the 
surface of the housing. The coining punch is also 
shaped to maintain the same radius of curvature as the 
marker housing. The coining process deforms the mark- 
er housing material to form a protrusion, thereby locking 
50 in the insert or disk. 

[0023] Embodiments of the invention will now be de- 
scribed by way of example with reference to the accom- 
panying drawings, in which: 

55 Figure 1 is a perspective view of an exemplary stent 
in its compressed state which may be utilized in 
conjunction with the present invention. 
Figure 2 is a sectional, flat view of the stent shown 
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in Figure 1. 

Figure 3 is a perspective view of the stent shown in 
Figure 1 but showing it in its expanded state. 
Figure 4 is an enlarged sectional view of the stent 
shown in Figure 3. 

Figure 5 is an enlarged view of section of the stent 
shown in Figure 2. 

Figure 6 is a view similar to that of Figure 2 but 
showing an alternate embodiment of the stent. 
Figure 7 is a perspective view of the stent of Figure 
1 having a plurality of markers attached to the ends 
thereof in accordance with the present invention. 
Figure 8 is a cross-sectional view of a marker in ac- 
cordance with the present invention. 
Figure 9 is an enlarged perspective view of an end 
of the stent with the markers forming a substantially 
straight line in accordance with the present inven- 
tion. 

Figure 1 0 is a simplified partial cross-sectional view 
of a stent delivery apparatus having a stent loaded 
therein, which can be used with a stent made in ac- 
cordance with the present invention. 
Figure 11 is a view similar to that of Figure 10 but 
showing an enlarged view of the distal end of the 
apparatus. 

Figure 1 2 is a perspective view of an end of the stent 
with the markers in a partially expanded form as it 
emerges from the delivery apparatus in accordance 
with the present invention. 

Figure 1 3 is an enlarged perspective view of an end 
of the stent with modified markers in accordance 
with an alternate exemplary embodiment of the 
present invention. 

Figure 1 4 is an enlarged perspective view of an end 
of the stent with modified markers in accordance 
with another alternate exemplary embodiment of 
the present invention. 

[0024] Referring to the drawings, Figures 1 and 2 
show a stent 100 in its unexpanded or compressed 
state. The stent 1 00 is preferably made from a supere- 
lastic alloy such as Nrtinol. Most preferably, the stent 100 
is made from an alloy comprising from about 50.0% (as 
used herein these percentages refer to weight percent- 
ages) Ni to about 60% Ni, and more preferably about 
55.8% Ni, with the remainder of the alloy being Ti. Pref- 
erably, the stent 100 is designed such that it is supere- 
lastic at body temperature, and preferably has an Af in 
the range from about 24°C to about 37°C. The supere- 
lastic design of the stent 1 00 makes it crush recovera- 
ble, which, as discussed above, makes it useful as a 
stent or frame for any number of vascular devices in dif- 
ferent applications. 

[0025] Stent 1 00 is a tubular member having front and 
back open ends 1 02 and 1 04 and a longitudinal axis 1 06 
extending between them. The tubular member has a 
first smaller diameter, Figures 1 and 2, for insertion into 
a patient and navigation through the vessels, and a sec- 



ond larger diameter, Figures 3 and 4, for deployment 
into the target area of a vessel. The tubular member is 
made from a plurality of adjacent hoops 108, Figure 1 
showing hoops 108(a) - 1 08(d), extending between the 

5 front and back ends 102 and 104. The hoops 108 in- 
clude a plurality of longitudinal struts 110 and a plurality 
of loops 112 connecting adjacent struts, wherein adja- 
cent struts are connected at opposite ends so as to form 
a substantially S or Z shape pattern. The loops 112 are 

10 curved, substantially semicircular with symmetrical sec- 
tions about their centres 114. 

[0026] Stent 1 00 further includes a plurality of bridges 
116 which connect adjacent hoops 108 and which can 
best be described in detail by referring to Figure 5. Each 

15 bridge 1 1 6 has two ends 1 1 8 and 1 20 . The bridges 1 1 6 
have one end attached to one strut and/or loop, and an- 
other end attached to a strut and/or loop on an adjacent 
hoop. The bridges 116 connect adjacent struts together 
at bridge to loop connection points 122 and 124. Forex- 

20 ample, bridge end 118 is connected to loop 114(a) at 
bridge to loop connection point 122, and bridge end 120 
is connected to loop 114(b) at bridge to loop connection 
point 124. Each bridge to loop connection point has a 
centre 1 26. The bridge to loop connection points are 

25 separated angularly with respect to the longitudinal axis. 
That is, the connection points are not immediately op- 
posite each other. Essentially, one could not draw a 
straight line between the connection points, wherein 
such line would be parallel to the longitudinal axis of the 

30 stent. 

[0027] The above described geometry helps to better 
distribute strain throughout the stent, prevents metal to 
metal contact when the stent is bent, and minimizes the 
opening size between the struts, loops and bridges. The 

35 number of and nature of the design of the struts, loops 
and bridges are important factors when determining the 
working properties and fatigue life properties of the 
stent. It was previously thought that in order to improve 
the rigidity of the stent, that struts should be large, and 

40 therefore there should be fewer struts per hoop. How- 
ever, it has now been discovered that stents having 
smaller struts and more struts per hoop actually improve 
the construction of the stent and provide greater rigidity. 
Preferably, each hoop has between twenty-four to thirty- 

45 six or more struts. It has been determined that a stent 
having a ratio of number of struts per hoop to strut length 
L (in inches) which is greater than 400 has increased 
rigidity over prior art stents, which typically have a ratio 
of under two hundred. The length of a strut is measured 

50 in its compressed state parallel to the longitudinal axis 
1 06 of the stent 1 00 as illustrated in Figure 1 . 
[0028] As seen from a comparison of Figures 2 and 
3, the geometry of the stent 100 changes quite signifi- 
cantly as the stent 1 00 is deployed from its un-expanded 

55 state to its expanded state. As a stent undergoes dia- 
metric change, the strut angle and strain levels in the 
loops and bridges are affected. Preferably, all of the 
stent features will strain in a predictable manor so that 
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the stent is reliable and uniform in strength. In addition, 
it is preferable to minimize the maximum strain experi- 
enced by struts loops and bridges, since Nitinol proper- 
ties are more generally limited by strain rather than by 
stress. As will be discussed in greater detail below, the 
stent sits in the delivery system in its un-expanded state 
as shown in Figures 1 0 and 1 1 . As the stent is deployed, 
it is allowed to expand towards its expanded state, as 
shown in Figure 3, which preferably has a diameter 
which is the same or larger than the diameter of the tar- 
get vessel. Nitinol stents made from wire deploy in much 
the same manner, and are dependent upon the same 
design constraints, as laser cut stents. Stainless steel 
stents deploy similarly In terms of geometric changes as 
they are assisted by forces from balloons or other de- 
vices. 

[0029] In trying to minimize the maximum strain expe- 
rienced by features of the stent, the present invention 
utilizes structural geometries which distribute strain to 
areas of the stent which are less susceptible to failure 
than others. For example, one of the most vulnerable 
areas of the stent is the inside radius of the connecting 
loops. The connecting loops undergo the most deforma- 
tion of all the stent features. The inside radius of the loop 
would normally be the area with the highest level of 
strain on the stent. This area is also critical in that it is 
usually the smallest radius on the stent. Stress concen- 
trations are generally controlled or minimized by main- 
taining the largest radii possible. Similarly, we want to 
minimize local strain concentrations on the bridge and 
bridge connection points. One way to accomplish this is 
to utilize the largest possible radii while maintaining fea- 
ture widths which are consistent with applied forces. An- 
other consideration is to minimize the maximum open 
area of the stent. Efficient utilization of the original tube 
from which the stent is cut increases stent strength and 
its ability to trap embolic material. 
[0030] Many of these design objectives have been ac- 
complished by an exemplary embodiment of the present 
invention, illustrated in Figures 1 , 2 and 5. As seen from 
these figures, the most compact designs which maintain 
the largest radii at the loop to bridge connections are 
non-symmetric with respect to the centerline of the strut 
connecting loop. That is, loop to bridge connection point 
centres 126 are offset from the centre 114 of the loops 
112 to which they are attached. This feature is particu- 
larly advantageous for stents having large expansion ra- 
tios, which in turn requires them to have extreme bend- 
ing requirements where large elastic strains are re- 
quired. Nitinol can withstand extremely large amounts 
of elastic strain deformation, so the above features are 
well suited to stents made from this alloy. This feature 
allows for maximum utilization of Ni-Ti or other material 
properties to enhance radial strength, to improve stent 
strength uniformity, to improve fatigue life by minimizing 
local strain levels, to allow for smaller open areas which 
enhance entrapment of embolic material, and to im- 
prove stent apposition in irregular vessel wall shapes 



and curves. 

[0031] As seen in Figure 5, stent 1 00 comprises strut 
connecting loops 112 having a width W1 , as measured 
at the centre 114 parallel to axis 1 06, which are greater 
5 than the strut widths W2, as measured perpendicular to 
axis 1 06 itself. In fact, it is preferable that the thickness 
of the loops vary so that they are thickest near their cen- 
tres. This increases strain deformation at the strut and 
reduces the maximum strain levels at the extreme radii 
10 of the loop. This reduces the risk of stent failure and al- 
lows one to maximize radial strength properties. This 
feature is particularly advantageous for stents having 
large expansion ratios, which in turn requires them to 
have extreme bending requirements where large elastic 
15 strains are required. Nitinol can withstand extremely 
large amounts of elastic strain deformation, so the 
above features are well suited to stents made from this 
alloy. As stated above, this feature allows for maximum 
utilization of Ni-Ti or other material properties to en- 
hance radial strength, to improve stent strength uniform- 
ity, to improve fatigue life by minimizing local strain lev- 
els, to allow for smaller open areas which enhance en- 
trapment of embolic material, and to improve stent ap- 
position in irregular vessel wall shapes and curves. 
[0032] As mentioned above, bridge geometry chang- 
es as a stent is deployed from its compressed state to 
its expanded state and vise-versa. As a stent undergoes 
diametric change, strut angle and loop strain is affected. 
Since the bridges are connected to either the loops, 
struts or both, they are affected. Twisting of one end of 
the stent with respect to the other, while loaded in the 
stent delivery system, should be avoided. Local torque 
delivered to the bridge ends displaces the bridge geom- 
etry. If the bridge design is duplicated around the stent 
perimeter, this displacement causes rotational shifting 
of the two loops being connected by the bridges. If the 
bridge design is duplicated throughout the stent, as in 
the present invention, this shift will occur down the 
length of the stent. This is a cumulative effect as one 
considers rotation of one end with respect to the other 
upon deployment. A stent delivery system, such as the 
one described below, will deploy the distal end first, then 
allow the proximal end to expand. It would be undesir- 
able to allow the distal end to anchor into the vessel wall 
while holding the stent fixed in rotation, then release the 
proximal end. This could cause the stent to twist or whip 
in rotation to equilibrium after it is at least partially de- 
ployed within the vessel. Such whipping action may 
cause damage to the vessel. 

[0033] However, one exemplary embodiment of the 
present invention, as illustrated in Figures 1 and 2, re- 
duces the chance of such events happening when de- 
ploying the stent. By mirroring the bridge geometry lon- 
gitudinally down the stent, the rotational shift of the Z- 
sections or S-sections may be made to alternate and 
will minimize large rotational changes between any two 
points on a given stent during deployment or constraint. 
That is, the bridges 116 connecting loop 108(b) to loop 
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108(c) are angled upwardly from left to right, while the 
bridges connecting loop 108(c) to loop 108(d) are an- 
gled downwardly from left to right. This alternating pat- 
tern is repeated down the length of the stent 100. This 
alternating pattern of bridge slopes improves the tor- 
sional characteristics of the stent so as to minimize any 
twisting or rotation of the stent with respect to any two 
hoops. This alternating bridge slope is particularly ben- 
eficial if the stent starts to twist in vivo. As the stent 
twists, the diameter of the stent will change. Alternating 
bridge slopes tend to minimize this effect. The diameter 
of a stent having bridges which are all sloped in the 
same direction will tend to grow if twisted in one direction 
and shrink if twisted in the other direction. With alternat- 
ing bridge slopes this effect is minimized and localized. 
[0034] The feature is particularly advantageous for 
stents having large expansion ratios, which in turn re- 
quires them to have extreme bending requirements 
where large elastic strains are required. Nitinol, as stat- 
ed above, can withstand extremely large amounts of 
elastic strain deformation, so the above features are well 
suited to stents made from this alloy. This feature allows 
for maximum utilization of Ni-Ti or other material prop- 
erties to enhance radial strength, to improve stent 
strength uniformity, to improve fatigue life by minimizing 
local strain levels, to allow for smaller open areas which 
enhance entrapment of embolic material, and to im- 
prove stent apposition in irregular vessel wall shapes 
and curves. 

[0035] Preferably, stents are laser cut from small di- 
ameter tubing. For prior art stents, this manufacturing 
process led to designs with geometric features, such as 
struts, loops and bridges, having axial widths W2, W1 
and W3, respectively, which are larger than the tube wall 
thickness T (illustrated in Figure 3). When the stent is 
compressed, most of the bending occurs in the plane 
that is created if one were to cut longitudinally down the 
stent and flatten it out. However, for the individual bridg- 
es, loops and struts, which have widths greater than 
their thickness, there is a greater resistance to this in- 
plane bending than to out-of-plane bending. Because of 
this, the bridges and struts tend to twist, so that the stent 
as a whole may bend more easily. This twisting is a 
buckling condition which is unpredictable and can cause 
potentially high strain. 

[0036] However, this problem has been solved in an 
exemplary embodiment of the present invention, as il- 
lustrated in Figures 1-5. As seen from these figures, the 
widths of the struts, hoops and bridges are equal to or 
less than the wall thickness of the tube. Therefore, sub- 
stantially all bending and, therefore, all strains are "out- 
of-plane". This minimizes twisting of the stent which 
minimizes or eliminates buckling and unpredictable 
strain conditions. This feature is particularly advanta- 
geous for stents having large expansion ratios, which in 
turn requires them to have extreme bending require- 
ments where large elastic strains are required. Nitinol, 
as stated above, can withstand extremely large 



amounts of elastic strain deformation, so the above fea- 
tures are well suited to stents made from this alloy. This 
feature allows for maximum utilization of Ni-Ti or other 
material properties to enhance radial strength, to im- 

s prove stent strength uniformity, to improve fatigue life by 
minimizing local strain levels, to allow for smaller open 
areas which enhance entrapment of embolic material, 
and to improve stent apposition in irregular vessel wall 
shapes and curves. 

10 [0037] An alternate exemplary embodiment of a stent 
that may be utilized in conjunction with the present in- 
vention is illustrated in Figure 6. Figure 6 shows stent 
200 which is similar to stent 100 illustrated in Figures 
1 -5. Stent 200 is made from a plurality of adjacent hoops 

15 202, Figure 6 showing hoops 202(a) -202(d). The hoops 
202 include a plurality of longitudinal struts 204 and a 
plurality of loops 206 connecting adjacent struts, where- 
in adjacent struts are connected at opposite ends so as 
to form a substantially S or 2 shape pattern. Stent 200 

20 further includes a plurality of bridges 208 which connect 
adjacent hoops 202. As seen from the figure, bridges 
208 are non-linear and curve between adjacent hoops. 
Having curved bridges allows the bridges to curve 
around the loops and struts so that the hoops can be 

25 placed closer together which intum, minimizes the max- 
imum open area of the stent and increases Its radial 
strength as well. This can best be explained by referring 
to Figure 4. The above described stent geometry at- 
tempts to minimize the largest circle which could be in- 

30 scribed between the bridges, loops and struts, when the 
stent is expanded. Minimizing the size of this theoretical 
circle, greatly improves the stent because it is then: bet- 
ter suited to trap embolic material once it is insertecMnto 
the patient. 

35 [0038] As mentioned above, it is preferred that the 
stent of the present invention be made from a supere- 
lastic alloy and most preferably made of an alloy mate- 
rial having greater than 50.5 at-% Nickel and the bal- 
ance Titanium. Greater than 50.5 at-% Nickel allows for 

40 an alloy in which the temperature at which the marten- 
site phase transforms completely to the austenite phase 
(the Af temperature) is below human body temperature, 
and preferably is about 24°C to about 37°C, so that 
austenite is the only stable phase at body temperature. 

45 [0039] In manufacturing the Nitinol stent, the material 
is first in the form of a tube. Nitinol tubing is commercially 
available from a number of suppliers including Nitinol 
Devices and Components, Fremont CA. The tubular 
member is then loaded into a machine which will cut the 

50 predetermined pattern of the stent into the tube, as dis- 
cussed above and as shown in the figures. Machines 
for cutting patterns in tubular devices to make stents or 
the like are well known to those of ordinary skill in the 
art and are commercially available. Such machines typ- 

55 jcally hold the metal tube between the open ends while 
a cutting laser, preferably under microprocessor control, 
cuts the pattern. The pattern dimensions and styles, la- 
ser positioning requirements, and other information are 



7 



BNSDOCID: <EP 1356789A1_I_> 



13 



EP 1 356 789 A1 



14 



programmed into a microprocessor which controls all 
aspects of the process. After the stent pattern is cut, the 
stent is treated and polished using any number of meth- 
ods or combination of methods well known to those 
skilled in the art. Lastly, the stent is then cooled until it 
is completely martensitic, crimped down to its un-ex- 
panded diameter and then loaded into the sheath of the 
delivery apparatus. 

[0040] As stated in previous sections of this applica- 
tion, markers having a radiopacity greater than that of 
the superelastic alloys may be utilized to facilitate more 
precise placement of the stent within the vasculature. In 
addition, markers may be utilized to determine when 
and if a stent is fully deployed. For example, by deter- 
mining the spacing between the markers, one can de- 
termine if the deployed stent has achieved its maximum 
diameter and adjusted accordingly utilizing a tacking 
process. Figure 7 illustrates an exemplary embodiment 
of the stent 1 00 illustrated in Figures 1 -5 having at least 
one marker on each end thereof. In a preferred embod- 
iment, a stent having thirty-six struts per hoop can ac- 
commodate six markers 800. Each marker 800 compris- 
es a marker housing 802 and a marker insert 804. The 
marker insert 804 may be formed from any suitable bio- 
compatible material having a high radiopacity under X- 
ray fluoroscopy. In other words, the marker inserts 804 
should preferably have a radiopacity higher than that of 
the material comprising the stent 100. The addition of 
the marker housings 802 to the stent necessitates that 
the lengths of the struts in the last two hoops at each 
end of the stent 1 00 be longer than the strut lengths in 
the body of the stent to increase the fatigue life at the 
stent ends. The marker housings 802 are preferably cut 
from the same tube as the stent as briefly described 
above. Accordingly, the housings 802 are integral to the 
stent 1 00. Having the housings 802 integral to the stent 
1 00 serves to ensure that the markers 800 do not inter- 
fere with the operation of the stent 
[0041] Figure 8 is a cross-sectional view of a marker 
housing 802. The housing 802 may be elliptical when 
observed from the outer surface as illustrated in Figure 
7. As a result of the laser cutting process, the hole 806 
in the marker housing 802 is conical in the radial direc- 
tion with the outer surface 808 having a diameter larger 
than the diameter of the inner surface 81 0, as illustrated 
in Figure 8. The conical tapering in the marker housing 
802 is beneficial in providing an interference fit between 
the marker insert 804 and the marker housing 802 to 
prevent the marker insert 804 from being dislodged 
once the stent 100 is deployed. A detailed description 
of the process of locking the marker insert 804 into the 
marker housing 802 is given below. 
[0042] As set forth above, the marker inserts 804 may 
be made from any suitable material having a radiopacity 
higher than the superelastic material forming the stent 
or other medical device. For example, the marker insert 
804 may be formed from niobium, tungsten, gold, plati- 
num ortantalum. In the preferred embodiment, tantalum 



is utilized because of its closeness to nickel-titanium in 
the galvanic series and thus would minimize galvanic 
corrosion. In addition, the surface area ratio of the tan- 
talum marker inserts 804 to the nickel-titanium is opti- 
5 mized to provide the largest possible tantalum marker 
insert, easy to see, while minimizing the galvanic corro- 
sion potential. For example, it has been determined that 
up to nine marker inserts 804 having a diameter of 0.25 
mm (0.01 inch) could be placed at the end of the stent 
10 1 00; however, these marker inserts 804 would be less 
visible under X-ray fluoroscopy. On the other hand, 3 to 
4 marker inserts 804 having a diameter of 0.64 mm 
(0.025 inch) could be accommodated on the stent 100; 
however, galvanic corrosion resistance would be corn- 
's promised. Accordingly, in the preferred embodiment, six 
tantalum markers having a diameter of 0.51 mm (0.02 
inch) are utilized on each end of the stent 1 00 for a total 
of 12 markers 800. 

[0043] The tantalum markers 804 may be manufac- 

20 tured and loaded into the housing utilizing a variety of 
known techniques. In the exemplary embodiment, the 
tantalum markers 804 are punched out from an an- 
nealed ribbon stock and are shaped to have the same 
curvature as the radius of the marker housing 802 as 

25 illustrated in Figure 8. Once the tantalum marker insert 
804 is loaded into the marker housing 802, a coining 
process is used to properly seat the marker insert 804 
belowthe surface of the housing 802. The coining punch 
is also shaped to maintain the same radius of curvature 

30 as the marker housing 802. As illustrated in Figure 8, 
the coining process deforms the marker housing 802 
material to lock in the marker insert 804. 
[0044] As stated above, the hole 806 in the marker 
housing 802 is conical in the radial direction with the out- 

35 er surface 808 having a diameter larger than the diam- 
eter of the inner surface 810 as illustrated in Figure 8. 
The inside and outside diameters vary depending on the 
radius of the tube from which the stent is cut. The marker 
inserts 804, as stated above, are formed by punching a 

40 tantalum disk from annealed ribbon stock and shaping 
it to have the same radius of curvature as the marker 
housing 802. It is important to note that the marker in- 
serts 804, priorto positioning in the marker housing 804, 
have straight edges. In other words, they are not angled 

45 to match the hole 806. The diameter of the marker insert 
804 is between the inside and outside diameter of the 
marker housing 802. Once the marker insert 804 is load- 
ed into the marker housing 802, a coining process is 
used to properly seat the marker insert 804 below the 

50 surface of the marker housing 802. In the preferred em- 
bodiment, the thickness of the marker insert 804 is less 
than or equal to the thickness of the tubing and thus the 
thickness or height of the hole 806. Accordingly, by ap- 
plying the proper pressure during the coining process 

55 and using a coining tool that is larger than the marker 
insert 804, the marker insert 804 may be seated in the 
marker housing 802 in such a way that it is locked into 
position by a radially oriented protrusion 812. Essential- 
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ly, the applied pressure, and size and shape of the hous- 
ing tool forces the marker insert 804 to form the protru- 
sion 812 in the marker housing 802. The coining tool is 
also shaped to maintain the same radius of curvature 
as the marker housing 802. As illustrated in Figure 8, 
the protrusion 812 prevents the marker insert 804 from 
becoming dislodged from the marker housing 802. 
[0045] It is important to note that the marker inserts 
804 are positioned in and locked into the marker housing 
802 when the stent 1 00 is in its unexpanded state. This 
is due to the fact that it is desirable that the tube's natural 
curvature be utilized. If the stent were, in its expanded 
state, the coining process would change the curvature 
due to the pressure or force exerted by the coining tool. 
[0046] As illustrated in Figure 9, the marker inserts 
804 form a substantially solid line that clearly defines 
the ends of the stent in the stent delivery system when 
seen under fluoroscopic equipment. As the stent 100 is 
deployed from the stent delivery system, the markers 
800 move away from each other and flower open as the 
stent 1 00 expands as illustrated in Figure 7. The change 
in the marker grouping provides the physician or other 
health care provider with the ability to determine when 
the stent 1 00 has been fully deployed from the stent de- 
livery system. 

[0047] It is important to note that the markers 800 may 
be positioned at other locations on the stent 100. 
[0048] Figure 13 illustrates an alternate exemplary 
embodiment of a radiopaque marker 900. In this exem- 
plary embodiment, the marker housing 902 comprises 
flat sides 914 and 91 6. The flat sides 914 and 916 serve 
a number of functions. Firstly, the flat sides 91 4 and 916 
minimize the overall profile of the stent 1 00 without re- 
ducing the radiopacity of the stent 1 00 under x-ray fluor- 
oscopy. Essentially, the flat sides 914 and 91 6 allow the 
marker housings 902 to fit more closely together when 
the stent 1 00 is crimped for delivery. Accordingly, the flat 
sides 914 and 916 of the marker housing 902 allow for 
larger stents to utilize high radiopacity markers while al- 
so allowing the stent to fit into smaller delivery systems. 
For example, the flat sides 91 4 and 91 6 on radiopaque 
markers 900 of the size described above (i.e. having ap- 
propriately sized markers) allow a stent to maintain a 
radiopaque stent marker size utilized in a seven French 
delivery system to fit into a six French delivery system. 
Secondly, the flat sides 914 and 916 also maximize the 
Nitinol tab to radiopaque marker material ratio, thereby 
further reducing the effects of any galvanic corrosion as 
described above. The marker insert 904 and the marker 
hole 906 are formed of the same materials and have the 
same shape as described above with respect to Figures 
1 -12. The markers 900 are also constructed utilizing the 
same coining process as described above. 
[0049] Figure 14 illustrates yet another alternate ex- 
emplary embodiment of a radiopaque marker 1 000. This 
exemplary embodiment offers the same advantages as 
the above-described embodiment; namely, reduced 
profile without reduction in radiopacity and a reduction 



in the effects of galvanic corrosion. In this exemplary 
embodiment, the radiopaque marker 1 000 has substan- 
tially the same total area as that of the markers 900, 800 
described above, but with an oval shape rather than a 

5 circular shape or circular shape with flat sides. As illus- 
trated, the marker 1000 comprises a substantially oval 
shaped marker housing 1 002 and a substantially oval 
shaped marker insert 1 004. Essentially, in this exempla- 
ry embodiment, the marker 1000 is longer in the axial 

10 direction and shorter in the radial direction to allow a 
larger stent to fit into a smaller delivery system as de- 
scribed above. Also as in the above-described exem- 
plary embodiment, the Nitinol tab to radiopaque marker 
material ratio is improved. In addition, the substantially 

15 oval shape provides for a more constant marker housing 
1002 thickness around the marker insert 1004. Once 
again, the markers 1 000 are constructed from the same 
materials and are constructed utilizing the same coining 
process as described above. 

20 [0050] It is believed that many of the advantages of 
the present invention can be better understood through 
a brief description of a delivery apparatus for the stent, 
as shown in Figures 10 and 11 . Figures 10 and 11 show 
a self -expanding stent delivery apparatus 10 for a stent 

25 made in accordance with the present invention. Appa- 
ratus 10 comprises inner and outer coaxial tubes. The 
inner tube is called the shaft 12 and the outer tube is 
called the sheath 14. Shaft 12 has proximal and distal 
ends. The proximal end of the shaft 12 terminates at a 

30 luer lock hub 1 6. Preferably, shaft 1 2 has a proximal por- 
tion 1 8 which is made from a relatively stiff material such 
as stainless steel, Nitinol, or any other suitable material, 
and a distal portion 20 which may be made from a" pol- 
ymer such as a polyethylene, or a polyimide, or a poly- 

35 mer such as those sold under the trade marks Pel- 
lethane, Pebax, Vestamid, Cristamid, Grillamid or any 
other suitable material known to those of ordinary skill 
in the art. The two portions are joined together by any 
number of means known to those of ordinary skill in the 

40 art. The stainless steel proximal end gives the shaft the 
necessary rigidity or stiffness it needs to effectively push 
out the stent, while the polymeric distal portion provides 
the necessary flexibility to navigate tortuous vessels. 
[0051 ] The distal portion 20 of the shaft 1 2 has a distal 

45 tip 22 attached thereto. The distal tip 22 has a proximal 
end 24 whose diameter is substantially the same as the 
outer diameter of the sheath 1 4. The distal tip 22 tapers 
to a smaller diameter from its proximal end to its distal 
end, wherein the distal end 26 of the distal tip 22 has a 

so diameter smaller than the inner diameter of the sheath 
14. Also attached to the distal portion 20 of shaft 12 is 
a stop 28 which is proximal to the distal tip 22. Stop 28 
may be made from any number of materials known in 
the art, including stainless steel, and is even more pref- 

55 erably made from a highly radiopaque material such as 
platinum, gold or tantalum. The diameter of stop 28 is 
substantially the same as the inner diameter of sheath 
14, and would actually make frictional contact with the 
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inner surface of the sheath. Stop 28 helps to push the 
stent out of the sheath during deployment, and helps 
keep the stent from migrating proximally into the sheath 
14. 

[0052] A stent bed 30 is defined as being that portion 
of the shaft between the distal tip 22 and the stop 28. 
The stent bed 30 and the stent 1 00 are coaxial so that 
the distal portion 20 of shaft 1 2 comprising the stent bed 
30 is located within the lumen of the stent 100. However, 
the stent bed 30 does not make any contact with stent 
100 itself. Lastly, shaft 12 has a guidewire lumen 32 ex- 
tending along its length from its proximal end and exiting 
through its distal tip 22. This allows the shaft 12 to re- 
ceive a guidewire much in the same way that an ordinary 
balloon angioplasty catheter receives a guidewire. Such 
guidewires are well known in art and help guide cathe- 
ters and other medical devices through the vasculature 
of the body. 

[0053] Sheath 14 is preferably a polymeric catheter 
and has a proximal end terminating at a sheath hub 40. 
Sheath 14 also has a distal end which terminates at the 
proximal end 24 of distal tip 22 of the shaft 12, when the 
stent is in its fully un-deployed position as shown in the 
figures. The distal end of sheath 14 includes a radio- 
paque marker band 34 disposed along its outer surface. 
As will be explained below, the stent is fully deployed 
from the delivery apparatus when the marker band 34 
is lined up with radiopaque stop 28, thus indicating to 
the physician that it is now safe to remove the apparatus 
10 from the body. Sheath 14 preferably comprises an 
outer polymeric layer and an inner polymeric layer. Po- 
sitioned between outer and inner layers is a braided re- 
inforcing layer. Braided reinforcing layer is preferably 
made from stainless steel. The use of braided reinforc- 
ing layers in other types of medical devices can be found 
in US-3585707, US-5045072 and US-5254107. 
[0054] Figures 10 and 11 illustrate the stent 100 as 
being in its fully un-deployed position. This is the posi- 
tion the stent is in when the apparatus 1 0 is inserted into 
the vasculature and its distal end is navigated to a target 
site. Stent 100 is disposed around stent bed 30 and at 
the distal end of sheath 14. The distal tip 22 of the shaft 
12 is distal to the distal end of the sheath 14, and the 
proximal end of the shaft 12 is proximal to the proximal 
end of the sheath 14. The stent 1 00 is in a compressed 
state and makes f rictional contact with the inner surface 
36 of the sheath 1 4. 

[0055] When being inserted into a patient, sheath 14 
and shaft 12 are locked together at their proximal ends 
by a Tuohy Borst valve 38. This prevents any sliding 
movement between the shaft and sheath which could 
result in a premature deployment or partial deployment 
of the stent 100. When the stent 100 reaches its target 
site and is ready for deployment, the Tuohy Borst valve 
38 is opened so that the sheath 14 and shaft 12 are no 
longer locked together. 

[0056] The method under which the apparatus 1 0 de- 
ploys the stent 100 is readily apparent. The apparatus 



10 is first inserted into the vessel until the radiopaque 
stent markers 800 (leading 102 and trailing 104 ends, 
see Figure 7) are proximal and distal to the target lesion. 
Once this has occurred the physician would open the 

5 Tuohy Borst valve 38. The physician would then grasp 
hub 16 of shaft 12 so as to hold it in place. Thereafter, 
the physician would grasp the proximal end of the 
sheath 14 and slide it proximal, relative to the shaft 12. 
Stop 28 prevents the stent 100 from sliding back with 

10 the sheath 14, so that as the sheath 14 is moved back, 
the stent 1 00 is pushed out of the distal end of the sheath 
1 4. As stent 1 00 is being deployed the radiopaque stent 
markers 800 move apart once they come out of the distal 
end of sheath 14. Stent deployment is complete when 

is the marker 34 on the outer sheath 14 passes the stop 
28 on the inner shaft 12. The apparatus 10 can now be 
withdrawn through the stent 1 00 and removed from the 
patient. 

[0057] Figure 12 illustrates the stent 1 00 in a partially 
20 deployed state. As illustrated, as the stent 1 00 expands 
from the delivery device 1 0, the markers 800 move apart 
from one another and expand in a flower like manner. 



25 Claims 

1. An intraluminal medical device comprising: 

a substantially tubular member having open 
30 ends, and a first diameter for insertion into a 

lumen of a vessel and a second diameter for 
anchoring in the lumen of the vessel; and 
at least one marker connected to at least one 
end of the substantially tubular member, the at 
55 least one marker comprising a marker housing 

having a substantially circular shape with flat- 
tened sections and a marker insert, both having 
a radius of curvature equal to the radius of cur- 
vature of the substantially tubular member. 

40 

2. The intraluminal medical device according to Claim 

1 , wherein the intraluminal medical device compris- 
es a supereiastic alloy. 

45 3. The intraluminal medical device according to Claim 

2, wherein the supereiastic alloy comprises from 
about 50.% to about 60% Nickel and the remainder 
Titanium. 

so 4. The intraluminal medical device according to Claim 
1 , wherein the marker housing comprises the same 
material as the intraluminal medical device and is 
integral thereto, thereby forming a unitary structure. 

55 5. The intraluminal medical device according to Claim 
4, wherein the marker insert comprises a material 
having a radiopacity higher than that of the material 
comprising the intraluminal medical device. 
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6. The intraluminal medical device according to Claim 

5, wherein the marker insert comprises Tantalum. 

7. The intraluminal medical device according to Claim 

6, wherein the marker insert is secured in the mark- 
er housing by frictional, locking engagement. 

8. The intraluminal medical device according to claim 

7, wherein the marker insert is secured in the mark- 
er housing by a protruding ridge. 

9. An intraluminal medical device comprising: 

a thin-walled, substantially tubular member 
having open ends, and a first diameter for in- 
sertion into a lumen of a vessel and a second 
diameter for anchoring in the lumen of the ves- 
sel, the thin-walled tubular member comprising 
a superelastic alloy; and 
at least one marker connected to at least one 
end of the thin-walled, substantially tubular 
member, the at least one marker comprising a 
marker housing having a substantially circular 
shape with flattened sections and a marker in- 
sert, both having a radius of curvature equal to 
the radius of curvature of the substantially tu- 
bular member. 



17. The intraluminal medical device according to claim 
16, wherein the marker insert is secured in the 
marker housing by a protruding ridge. 

s 18. The intraluminal medical device according to claim 
1 or claim 9, which is in the form of a stent. 

19. An intraluminal medical device comprising: 

10 a substantially tubular member having open 

ends, and a first diameter for insertion into a 
lumen of a vessel and a second diameter for 
anchoring in the lumen of the vessel; and 
at least one marker connected to at least one 

is end of the substantially tubular member, the at 

least one marker comprising a marker housing 
having a substantially oval shape and a marker 
insert having a substantially ova! shape, both 
having a radius of curvature equal to the radius 

20 of curvature of the substantially tubular mem- 

ber. 



25 



10. The intraluminal medical device according to Claim 

9, wherein the marker housing comprises the same 30 
material as the intraluminal medical device and is 
integral thereto, thereby forming a unitary structure. 

11. The intraluminal medical device according to Claim 

1 0, wherein the marker housing defines a substan- 35 
tially elliptical open having a predetermined curva- 
ture. 



12. The intraluminal medical device according to Claim 

11 , wherein the marker insert comprises a material *o 
having a radiopacity higher than that of the material 
comprising the intraluminal medical device. 

13. The intraluminal medical device according to Claim 

12, wherein the marker insert comprises Tantalum. 45 

14. The intraluminal medical device according to Claim 

1 3, wherein the marker insert has a curvature equal 
to that of the curvature of the opening in the marker 
housing. 50 

15. The intraluminal medical device according to Claim 

1 4, wherein the marker insert has a diameter of 0.51 
mm (0.02 inch). 

55 

16. The intraluminal medical device according to Claim 

15, wherein the marker insert is secured in the 
marker housing by frictional, locking engagement. 
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